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Abstract—Highly stable threshold voltage (V1H)
characteristics are an essential reliability requirement for
p-GaN/AlGaN/GaN high-electron-mobility  transistors
(HEMTSs) to withstand various gate bias stresses for power
applications. In this work, we demonstrate high-Vr (3.0 V)
p-GaN HEMTs with robust Vrtu stability by p-GaN gate
engineering via Mg doping and activation. The VtH
degradation rates of the resulting device under both
pulsed-I/V and bias temperature instability (BTI) stress
conditions are less than 10% at high temperatures up to
150 °C, which is much lower than that of conventional
Schottky-type p-GaN HEMTs (20%~30%). Such notable Vtn
characteristics are due to the impact ionization-dependent
hole compensation under certain gate stress, which
effectively alleviates the electron trapping effect and
reduces positive Vtu shift. The impact ionization occurring
in fully depleted p-GaN layer has been confirmed by both
positive temperature-dependent gate breakdown
characteristics and numerical simulations. Furthermore,
shallow- and deep-level hole traps are identified in the
gate stack of high-Vru devices by performing deep-level
transient spectroscopy (DLTS) technique. Consequently,
the trapping effect associated with hole traps may also
alleviate the undesired electron-trapping-induced VH shift.
These results provide critical understandings on the Vrn
stability of the high-Vrv p-GaN HEMTs and important
design guidance for commercial device development.

Index Terms—p-GaN HEMT, V7tn
ionization, hole trap, gate bias stress.

stability, impact

. INTRODUCTION

ALLIUM nitride (GaN)-based power devices, especially
p-GaN/AIGaN/GaN high-electron-mobility transistors (p-
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Fig. 1. (a) Schematic cross-sectional of the HVt-HEMT. (b) Simulated
Vru against npoe and Tp.ean. Conduction band energy profiles along
gate stack with different (c) Nnoe and (d) Tp.can. (€) Ns versus V.

GaN HEMTS), have gained huge popularity in recent years
due to their superior material and structure properties [1]-[7].
For p-GaN HEMTSs, the rational design of gate p-GaN layer
grown on AlGaN layer is critical to realize normally-off
operation with positive threshold voltage (V1) characteristics.
In general, the construction of p-GaN layers involves Mg
doping and activation [4], [8], as well as the associated
growth/annealing temperature and concentration
considerations [9], which are complex p-GaN gate engineering
for balancing process compatibility and device performance.
Most importantly, due to the Mg out-diffusion from p-GaN
into underlying layer and the nature of the “floating p-GaN
layer” sandwiched between gate and channel [10], the Vr of
normal p-GaN HEMTs is usually limited to 1.2~1.5 V,
otherwise the ON-state characteristics (e.g., ON-resistance)
will be deteriorated. Under high-frequency and high-power
conditions, gate ringing could easily exceed this low V14 and
lead to false turn-on, compromising device ruggedness and
reliability. Furthermore, the gate bias-induced carrier impact
ionization (1. 1.) and the trap distribution involved in the gate
stack strongly depend on the p-GaN gate engineering, which
have not been systematically studied. Therefore, while the
maturity of p-GaN gate engineering technique signifies the
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Fig. 2. (a) Mg-depth profiles with different doping comcentrations.
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0N Npgie. (d) Comparison of Re, and Vry of the p-GaN HEMTSs.

practical manufacturability of GaN-based normally-off power
devices, the performance trade-offs (e.g., Vu versus Ron) have
not yet been fully realized, and the underlying mechanism for
sustaining Vw stability has not been explored.

In particular, the V4 instability induced by the “floating
p-GaN layer” would severely deteriorate gate stability and
reliability. The V14 shift value of the p-GaN HEMTS generally
reaches 0.3 ~ 0.5 V under certain gate stresses [8]-[11], and
considering a normal Vry of 1.2~1.5 V, the resulting Vry
degradation rate (JAVrtH|/VTH,) is as high as 20% ~ 30%. Such
degradation of Vry characteristics is a formidable challenge
for the further development of p-GaN gate HEMT technology.

In this work, based on the p-GaN gate engineering
technique, we have systematically investigated the effect of
hole concentration and p-GaN thickness on the device’s Vtn
characteristics. With Mg doping and p-GaN activation
optimized by simulations and process experiments, the
resulting high-Vty device exhibits a good trade-off between
Vtu and Ron. Moreover, the Vru degradation rates of such
device under pulsed-1/V and bias temperature instability (BTI)
stress are only 0.4% and 8%, respectively. The I. I.-induced
hole compensation mechanism is identified as the dominant
for sustaining Vrw stability. Furthermore, the trap properties in
the gate stack are investigated by performing DLTS tests.

Il. GATE STACK SIMULATION AND STATIC CHARACTERISTICS

A. Vtu Simulations and p-GaN Optimization

Fig. 1(a) shows the schematic of the high-Vry p-GaN
HEMT (HVt-HEMT) structure grown by metal-organic
chemical vapor deposition on a 6-inch silicon substrate. The
effect of the p-GaN design parameters [i.e., hole concentration
(nnote) and thickness (Tp-can)] ONn the Vry are first investigated
using numerical simulations. The main parameters used for
simulation calibration are depicted in Table I. The incomplete
ionization model with a activation energy of 0.2 eV is adopted
to calibrate the ionized doping concentration [12], while
taking into account other numerical models such as GaNsat.n,
selb, lattemp, consrh, auger, albrct.p, ten.piezo, and
calc.strain. To further refine the models, the simulated transfer
and output curves as well as two-dimensional electron gas
density (ns) are extracted for comparison and calibration with
experimental results. Fig. 1(b) shows the simulated Vtu
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Fig. 3. (a) Transfer curves of the HVT-, C1- and C2-HEMTs in log
scale- and linear-scale. (b) Temperature-dependent gate breakdown
curves. (c) Output and (d) OFF-state breakdown characteristics.

against Nnote and Tp-can. With nneie increasing from 3 <107 to 7
x 10 cm or Tp.can Changing from the 80 to 120 nm, the
device exhibits an improved V4 from 1.5~1.7 V t0 4.1~5.2 V.
This increased Vru can be understood from the conduction
energy band diagram of the p-GaN gate stack [Fig. 1(c) and
(d)]. Under unbiased equilibrium condition of the p-GaN gate
with a npole 0f 5 % 10 cm™ and a Tp.can Of 100 nm, the
depletion region of the Schottky junction has a width of ~85
nm, which is close to the value (~82 nm) calculated by the
one-sided metal-semiconductor junction model [13]. The
conduction band at the AlGaN/GaN interface shifts upward
with increasing Nnole or Tp.can, thus leading to a decrease in Ns
[Fig. 1(e)] and an increase in V1. Note that the 100-nm-Tp.gan
p-GaN layer should be fully depleted under certain gate bias
[13], where the electric field (£-field) and I. I. rate will be
discussed in the section I'V.

The desired nnele is highly dependent on Mg doping and
activation during p-GaN growth, where the inevitable atomic
out-diffusion associated with Mg dopants could affect the Vrn
and Ron. The experimental Mg-depth profiles with different
doping concentrations are shown in Fig. 2(a), as measured by
secondary ion mass spectrometry (SIMS). The Mg out-
diffusion from p-GaN into underlying AlGaN/GaN layer is
effectively suppressed as the doping concentration decreases,
and the lower doping concentration also contributes to
minimizing the Mg spikes that often occur at the initial stage
of p-GaN growth due to memory effect of Mg atoms [1].
However, lower Mg doping concentration is accompanied by a
decrease in npole due to the limited acceptor ionization rate. By
optimizing the p-GaN growth temperature [990 °C, Fig. 2(b)]
and Mg activation temperature [850 °C, Fig. 2(c)], a laudable
Nhote Of ~5x10'7 c¢m™ can be obtained with a Mg doping
concentration of ~2.5x10'° cm, delivering an acceptor
ionization rate of ~2%, which is higher than previously
reported results (1%~1.3%) [13], [14]. By further adjusting the
p-GaN growth temperature to 920 <C and the activation
temperature to 830 <C, a control device (C1-HEMT) with a
low nNnote Of ~3x10Y7 cm™ can be realized. To enable a
comprehensive comparison, another control device (C2-
HEMT) with 80-nm Tp.can is also fabricated. The p-GaN
design parameters for the three types of devices are listed in
Table 1I. These devices are fabricated on a 6-inch process
platform, with a detailed process flow illustrated in our
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Fig. 4. Transfer curves of the (a) HVt-, (b) C1- and (c) C2-HEMTs
under pulsed-1/V stresses. Extracted AV, of three types of devices
with different (d) Vo_sr and () te_sr. Comparison of (f) |AV+| and (g) its
degradation rate (JAV+|/V+o) with the state-of-the-art p-GaN HEMTSs.

previous work [15]. The fabricated devices feature a gate
length (width) of 1.5 um (90 mm) and a gate-to-source (gate-
to-drain) distance of 3 pm (19 um). The extracted sheet
resistance (Rsn) and ns of the HV1-HEMT are 550 Q/sq and 3.7
x 102 cm?, respectively, while those of the C1-HEMT are
(511 Q/sq, 5.2 % 10'? cm2) and the C2-HEMT are (528 Q/sq,
4.8 x10%* cm?). Accordingly, Rsh and ns for HV+-HEMT did
not degrade significantly, which should be attributed to the
effectiveness of p-GaN gate engineering via Mg doping and
activation. Fig. 2(d) shows the Rsy-Vtu comparison between
HV1-HEMT and the reported results [1]-[6].

B. Gate Breakdown and Static |-V Characteristics

Fig. 3(a) and (b) shows the DC transfer and gate
breakdown characteristics of the three types of devices,
respectively. Apparently, the HVt-HEMT exhibits a high Vry
of 3.0 V at a drain current (Ip) of 10 pA/mm (3.4 V by linear
extrapolation) [4], which is higher than that of C1-HEMT (1.5
V) and C2-HEMT (1.7 V). The gate breakdown voltages (Ve-
gv) of HVr-, C1- and C2-HEMTs are 10.7, 11.6 and 9.3 V
respectively. Meanwhile, with temperature increasing from 25
to 150 °C, the Vg.gy Of the HV1-HEMT increase from 10.7 to
11.4 V, revealing that temperature-dependent I. 1. occurs in the
p-GaN gate due to thermally enhanced phonon scattering. Fig.
3(c) and (d) show the output and OFF-state breakdown
characteristics of these devices, respectively. The Ron of the
HV+- and C1-HEMTSs are 14.4 and 11.7 Q-mm, respectively,
while that of C2-HEMT is 13.3 Q-mm. And similar
breakdown voltages (1071~1075 V) are obtained for different
devices, where the low gate leakage under reverse blocking
condition indicates that the OFF-state leakage current is
mainly dominated by the buffer leakage, which is determined

by the high-resistance buffer epitaxy material and process [16].
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Fig. 6. (a), (b) Temperature-dependent AVt evolution under 1 ~
1000 s NBTI stress, and (c), (d) subsequent 1 ~ 3000 s recovery.

1. V1H STABILITY CHARACTERIZATIONS

To comprehensively evaluate the Vry stability of the
devices, both pulsed-1/V and BTI stress tests have been
conducted by a B1505 power device analyzer, with the high-
current source measurement unit (HCSMU) applied on the
drain and the medium-current source measurement unit
(MCSMU) applied on the gate and source.

A. Vry Stability in Pulsed-1/V Characterizations

The schematic waveforms of the pulsed-1/V test are
illustrated in Fig. 4(a), including gate stress phase and
subsequent transfer characteristic measurement phase. During
the stress phase, constant-voltage gate bias (Ve_str) is applied
to the device with source and drain terminals tied to the
ground. After a certain time (tc_sr) of gate bias with fixed
sense delay time of 100 ps, the V1 of the device is extracted
by executing the Ip-Ve measurements with a Vps of 0.1 V.
This low Vps could rule out the possible trapping effect
induced by the drain-applied stress [8].

Fig. 4(a), (b) and (c) shows the pulsed-1/V characteristics
of Vu for the HV+-, C1- and C2-HEMTS with tg_sr of 10 ms
and various Vg_sr from 0 to 7 V, respectively. The HVt-
HEMT shows a slight V14 shift in the entire measured gate
bias range, which is significantly different from the C1-HEMT
with a large positive Vry shift and the C2-HEMT with a high
negative Vru shift [10]. The corresponding Vru shift values
(AV7hs) extracted from the pulsed-1/V curves are shown in Fig.
4(d). The AVty measured from the HV-HEMT is almost
independent of Vg_sr, whereas that of C1-HEMT Kkeeps
shifting positively over the bias range from 0 to 6 V. This bias-
induced positive AVty behavior of the C1-HEMT is consistent
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TABLE IlI
COMPARISON OF V14 STABILITY OF P-GAN HEMTS UNDER BTI STRESS
Devices Tem.  |AVmi|  |[AViul/Vtho  [AVTHl  [AVTH|/VTHO
¢C) (PBTI)  (PBTI)  (NBTI)  (NBTI)
HV-HEMT 25 0.21 7% 0.10 3%
(This work) 150 0.09 3% 0.24 8%
CLHEMT 25 032 21% 0.28 19%
(This work) 150 0.34 23% 0.67 45%
25 0.23 11% N/A N/A
Ref. [8]2022
50 0.16 8% N/A N/A
20 N/A N/A 0.22 18%
Ref. [18]%2
30 N/A N/A 0.40 33%

All BTI values are extracted at a stress time of 1000 s and a stress
voltage of 6 ~ 7V (PBTI) /-2 V (NBTI).

with previously reported results [8], which have been
identified as electron trapping-related physical mechanisms,
e.g. trapping in AlGaN/GaN interface or depleted p-GaN
region [17]. With Vg_s further increasing from 6 to 7 V, the
dependence of the AVtH on Ve_sr changes from the positive to
negative (i.e. Vru shows less positive shift), which is generally
believed to be caused by hole accumulation at the p-
GaN/AlGaN interface, hole trapping in the AlGaN layer, hole
recombination with the electron and de-trapping of electrons
[8]. The competition mechanism between electron and hole
dynamics is responsible for the instability of Vry, and the
apparent positive Vry shift in C1-HEMT implies that the
electron trapping effect is more dominant under various pulsed
Ve_str [Fig. 4(d)] and te_s«r [Fig. 4(e)] conditions. Differently,
the Vru of C2-HEMTs shifts negatively, revealing a hole-
dominated Vrw shifting mechanism [10].

Notably, the HV1-HEMT exhibits robust Vyy stability
under various stress conditions [Fig. 4(d) and (e)]. With a high
Ve_sr Of 7 V and a te_s¢ Of 10 ms, the device shows an
extremely small Vry degradation rate (JAVth|/Vtho) Of 0.4%,
which is much lower than that in the state-of-the-art p-GaN
HEMTSs [Fig. 4(f) and (g)] [10]-[17]. To our knowledge, this is
the first demonstration of the High-Vrn p-gate HEMT with
superior Vry stability suitable for power applications.

B. Vqy Stability in BTI Characterizations

To gain further insight into the V11 evolution of the device
under gate bias stress, long-term BTI tests with a typical
measure-stress-measure sequence (including gate stress and
recovery phases) have been conducted. Fig. 5(a) and (b) show
the AVry values of the HVr- and C1-HEMTS measured with
positive BTI (PBTI) stress time from 1 to 1000 s and
temperatures from 25 to 150 <T at a high stress voltage of 7 V.
For different test temperatures, it is found that all AVrys reach
saturation within hundreds of seconds [8], after which the Vtu
shows less negative shift (i.e. |AVry| decreases) with
increasing temperature. The Vyy shift behavior is more
prominent under long-term PBTI stress conditions, suggesting

that carrier dynamics are affected by prolonged stress duration.

On the other hand, a negative gate bias of -2 V is chosen as the
stress voltage for negative BTI (NBT]) tests, since -1 ~-3 V is
usually used to suppress gate ringing in high frequency
switching applications. Fig. 6 shows the temperature-
dependent NBTI characteristics of the HVr- and C1-HEMTSs.
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Fig. 7. (a) The simulated E-field distribution in the gate stack region of
three types of devices, and (b) the corresponding I. I. rate.

Note that the Schottky junction in the gate stack is forward
biased when negative bias is applied to the gate [18]. At 25 <C,
the Vry of the device first shifts negatively, and then shifts
from negative to positive with temperature varying from 25 to
150 <C. The long-term negative bias stress combined with the
high temperature is expected to lower the energy barrier
between p-GaN and AlGaN layers [18], [19]. Resultantly, the
electrons could “spill-over” from the 2DEG channel to the p-
GaN layer and interact with holes, presenting an increased
positive Vry shift. Such electron-injection-induced positive
V1u degradation behavior is more severe for C1-HEMT, as
shown in Fig. 6(b).

In summary, the HVT-HEMT exhibits more stable Vry
characteristics than C1-HEMT under BTI stresses (Fig. 5 and
6). Whereas the C2-HEMT exhibits a severe negative Vry shift
(not shown here), being similar with the results observed from
pulsed-1/V stresses. The comparison of the BTI characteristics
of the HVT-HEMT with the best prior reports is summarized
in Table Ill. Even at 150 <C, the Vtn degradation rate under
PBTI and NBTI stresses are only 3% and 8%. It is worth
noting that these notable results are obtained under the BTI
measurement conditions with time constants higher than 1 s
[8], while under lower transient measurement conditions
devices may exhibit evident V4 shifts [11].

IV. MECHANISMS OF VtH STABILITY

Compared with the Cl- and C2-HEMTs, HVt-HEMT
exhibits superior Vry stability. To reveal the physical
mechanisms involved in Vqy shifts, E-field and |[. 1.
simulations, DLTS experiments and gate leakage
measurements have been carried out.

A. Hole generation induced by impact ionization

It has been proved that in the OFF-state drain breakdown
events [20], with a certain E-field, I. l.-induced holes
generation can effectively counteract electron trapping,
thereby affecting the shift of electrical parameters. In this
work, under a certain forward gate bias, the thin p-GaN in the
gate stack is fully depleted due to the limited hole
concentration caused by the low acceptor ionization rate. As a
result, the peak E-field for gate breakdown within p-GaN is
much lower than critical breakdown E-field of GaN (3.3
MV/cm), such as ~1.4 MV/cm as reported by Wu et al. [13].
In fact, the partial depletion of p-GaN with a high peak E-field
can only be achieved with the extremely high active Mg
concentrations (i.e., Nhote > 10*® cm3) [19], while the current
NholeS are mostly in the range of 10% ~ 10% cm [14]. With
increasing forward gate bias, the peak E-field within p-GaN is
gradually enhanced (although the value is still below 3.4
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MV/cm), accompanied by the evolution of impact ionization.
Specifically, the electrons in the channel could be emitted over
the AlGaN barrier and injected into the p-GaN under a certain
forward gate bias. The electrons transferred to p-GaN can be
accelerated by the E-field in the depletion region, leading to
the initiation of impact ionization. It has been reported that the
I. 1. within p-GaN is the most intense under gate breakdown
transient, and a clear luminescence is observed due to the
recombination of I. l.-produced electron-hole pairs [13]. For
HVT-HEMTSs, the extracted I. I. rate and peak E-field are 10°
cm3s?t and 1.22 MV/cm (Fig. 7), respectively, both of which
are higher than that in C1-HEMTSs (10° cm™3s?, 1.04 MV/cm).
The relatively higher LI. rate in HV-HEMT is believed to
induce a certain amount of electron-hole pairs within p-GaN.
For these carriers, electrons are bound to be swept away
towards the forward-biased gate, while holes in the valence
band drift towards the AlGaN layer [11]. The generated holes,
on one hand, could assist the trapped electrons in the depleted
p-GaN region and AlGaN layer de-trapping [21]. On the other
hand, holes will accumulate at the p-GaN/AlGaN interface due
to the band offset between the valence bands of p-GaN and
AlGaN. Meanwhile, the holes can also recombine with
electrons injected from the channel. Consequently, the
enhanced  hole-assisted  electron  de-trapping,  hole
accumulation/trapping and hole-electron recombination could
effectively alleviate the Vi shift caused by the electron
trapping effect (Fig. 8). As noticeable, although the I. I. rate
achieved in the HV1-HEMT is not as high as that in the C2-
HEMT (~10% cm3s?), it is the most satisfactory result here.
The excessive 1. I. could lead to a large amount of holes
generation and result in hole-dominated Vrw instability. Indeed,
the C2-HMET exhibits an evident negative Vry shift under
gate stress [Fig. 4(d) and (e)]. Therefore, a moderate I. I. is
highly desired, which contributes to relatively balanced charge
distribution in the gate stack and sustains Vru stability.

The positive temperature-dependent gate breakdown
characteristics of the HV-HEMT reveal the drastic I. 1. under
breakdown transient, resulting in a sharp increase in gate
leakage [Fig. 3(b)]. Correspondingly, the extracted E-field at
25 <T is 1.62 MV/cm, corresponding to a I. I. rate of 107 cm-
351, Such high 1. I. rate indicates a high level of hole
generation and carrier recombination. Furthermore, the
positive temperature coefficients of Ve.gv are 5.6 mV/<C and
14.0 mV/<C for HV+- and C2-HEMT, respectively. The higher
positive temperature coefficient of C2-HEMT implies more
severe phonon scattering and 1. 1., which is confirmed by
simulations. The gate breakdown that occurs in fully depleted
p-GaN may be due to the presence of Mg spikes on the upper
surface of p-GaN, resulting in an enhanced local E-field at the
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Fig. 9. Temperature-dependent DLTS spectra of p-i-n gate stack with
detected (a) electron and (b) hole traps, and the corresponding trap
levels, concentrations and capture cross sections are shown in (c)
and (d), respectively. (e) Gate leakage characteristics of HV-HEMT.

Schottky junction under breakdown transient and thus
affecting the breakdown ruggedness of the gate stack.

In addition, long-term BTI stress experiments show that
the Vry stability is not only affected by high temperature but
also by prolonged stress duration [19]. Under BTI conditions,
more energetic electrons in the 2DEG channel can overcome
the AlGaN barrier and flow toward the gate [8]. Consequently,
the hole-induced Vrw shift due to temperature/duration-
dependent I. I. is in turn compensated by the enhanced
electron trapping [Fig. 5 (a) and 6 (a)].

B. Trap extraction and analysis

Further investigation of trap properties in the gate stack of
the HVT-HEMT, especially deep level traps, can be revealed
by employing DLTS measurements using a lock-in amplifier
technique [22]. The DLTS signal detection is based on
monitoring the capacitance changes (AC) induced by the
temperature-dependent de-trapping (i.e., emission of carriers)
of trap states within the space charge region of a reverse-
biased junction. To investigate the Mg out-diffusion into the
underlying layer and monitor the DLTS signal of the reverse-
biased p-GaN/AlIGaN/GaN (p-i-n) heterojunction, test samples
with p-i-n structure (i.e., with Ni/Au ohmic gate contact) are
prepared using the same p-GaN growth process as mentioned
above. The measurement gate bias (Vr) is 0/-5 V with a pulse
width (t,) of 0.02 ms, while reverse filling pulse bias (Vy) is
4/4.5 V, and scanning temperature range is 80~450 K with a
heating rate of 100 mK/s. Fig. 9(a) and (b) show the DLTS
signals of electron trap and hole traps of the p-i-n
heterojunction, respectively, where positive peaks related to
hole traps can be clearly observed without fitting the data.
Based on the DLTS spectra, two hole traps labeled as Hr1, Hr2
with an activation energy (Ea) of 0.82 eV and 0.30 eV, and
one electron trap labeled as Er with an activation energy of
0.85 eV are deduced from the slopes of Arrhenius plot [22],
and the corresponding trap concentration (Nt) and capture
cross sections (o) are also extracted from the plot of Ln (t -T?))
versus 1000/T [Fig. 9(c) and (d)]. The traps should be located
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within AlGaN and/or GaN channel of the p-i-n heterojunction
and deserves further investigation. Similar electron trap (Er)
and hole shallow-level trap (Hr2) are detected in C1-HEMT,
which have also been observed in low-Vry p-GaN HEMTSs in
previous work [23]. However, the deep-level hole trap (Ht1)
obtained here in the gate stacks of HV1- and C2-HEMTSs has
not been reported. The deep-level hole trap should be
attributed to atom substitution/displacement caused by Mg
out-diffusion during gate stack growth, resulting in donor-like
Mgea (gallium-site Mg) vacancies and related complexes (e.g.
Mgca-Vn complexes) [24], [25]. Together with the shallow-
level hole traps observed in HVT-HEMT, the capture of holes
by trap states is more prominent under gate bias stress. As a
result, the positive Vtu shift induced by electron trapping is
most likely mitigated by the negative Vry shift caused by hole
trapping. Very recently, the hole-trapping assisted Vtu
compensation mechanism has also been reported in p-n
junction/AlGaN/GaN gate stack with specific interdiffusion
region [8]. Note here that the trapping effects induced by Mg
out-diffusion do not lead to permanent degradation of gate
characteristics [26], which can be confirmed by gate leakage
tests. The gate leakage current of the device decreased slightly
under 7 /1000 s BTI stress, probably due to the trap filling
effect, and then returned to the initial value in the subsequent
recovery duration [see Fig. 9(e)].

V. CONCLUSION

With the advantageous p-GaN gate engineering technique,
the robust gate-bias-dependent Vrn stability has been
demonstrated in the high-Vty p-GaN HEMTSs. In particular,
the Vry degradation rates of the devices under pulsed-1/V and
BTI stress are only 0.4% and 8%, respectively. These results
present the notable potentials of the high-Vty p-GaN HEMTSs
with improved Vry characteristics for high-voltage and high-
temperature power switching applications.
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